ABSTRACT The detection of myocardial depression is an important goal in the management of patients with chronic severe aortic regurgitation but may be quite difficult at an early stage by the conventional basal measures of contractility. The response to afterload stress determined by angiotensin challenge and the end-systolic pressure-volume relationship was evaluated echocardiographically in 16 asymptomatic or mildly symptomatic patients with chronic severe aortic regurgitation, ages 15 to 56 years (mean 32 ± 12). Nine normal subjects, ages 25 to 41 years (mean 31 ± 5), served as a control group. In the group with aortic regurgitation, end-systolic dimensions were greater than 55 mm in five of 16 patients and fractional shortening was 25% or less in two of 16. In the control group angiotensin caused a decrease of stroke volume index in six out of nine patients (15% at the most) and a mild increase in three. In the group with aortic regurgitation stroke volume index decreased by 15% or more of the basal value in nine of 16 patients and increased or decreased by less than 15% in seven of 16. Ejection fraction decreased in both groups, from 61 ± 6% to 52 ± 7% in the control group and from 56 ± 6% to 45 ± 5% in the group with aortic regurgitation. Ventricular 
slope of the relationship (Es) ranged from 660 to 800 (740 + 50) in the control group and from 460 to 72°( 580 ± 70) in the group with aortic regurgitation. In this group Es was below the 95% confidence limits of the control group in 12 of 16 patients. Considering all the tested indexes of ventricular performance, the rank order of incidence of abnormal findings in the group with aortic regurgitation was as follows: basal fractional shortening (13% of patients), basal end-systolic dimension (3 1 %), angiotensin-induced decrease of stroke work index (41%) and stroke volume index (56%), and Es (75%). In conclusion, in young asymptomatic or mildly symptomatic patients with chronic severe aortic regurgitation (1) Es, derived from noninvasive measurement of systolic pressure and echocardiographic parameters, is the most sensitive index of myocardial dysfunction among those considered in this study and (2) depression of contractility is frequently present before end-systolic dimension reaches 55 mm and fractional shortening decreases below 25%.
Circulation 70, No. 4, 561-569, 1984. IT IS generally agreed that aortic valve replacement for between contractility and loading conditions at rest patients with chronic severe aortic regurgitation should and during exertion can account for this apparent disnot always be delayed until the appearance of severe crepancy.7 8 Nevertheless, myocardial dysfunction, symptoms. [1] [2] [3] [4] [5] [6] An impairment of myocardial contractilwhether or not it is associated with severe symptoms, ity can be present even in the absence of significant can be irreversible, preventing improvement or adsymptoms in these patients. The 19 The changes in stroke volume index and ejection fraction at the peak pressure effect of angiotensin were used to evaluate the response to afterload stress. 12 The change in these values to an increase in aortic pressure is quite variable as a result of the interaction of contractility, venous return, reflex adjustment of heart rate, and efficiency of the Frank-Starling reserve. 20 We therefore took as abnormal a decrease in stroke volume index of 15% or more on the basis of the response shown by the control group. Ventricular function curves were derived that related end-diastolic volume index to stroke work index.
Finally, end-systolic pressure-volume relationships were constructed substituting peak systolic pressure for end-svstolic pressure. 14" 21 22 Table 1 lists all relevant data in the group with aortic regurgitation and in the control group. In five patients the resting values of end-systolic dimension were above the limits recently suggested2; the values of fractional shortening were below the limits in two patients (figure 1). This finding could indicate an overall low level of functional impairment that is consistent with the clinical status of these patients.
The peak effect of angiotensin in the control group was associated with a decrease of stroke volume index in six patients and with an increase in two. On the basis of the normal values obtained from the control group, seven patients with aortic regurgitation had responses that were considered normal and nine had abnormal responses (figure 2).
As expected ejection fraction decreased in both groups as a consequence of afterload elevation (figure 3). 2 compensation.20 It was interesting to note that there were also two individuals in the control group (Nos. 3 and 8) who had no increase in stroke work index, despite a rise of end-diastolic volume index comparable to that in the other normal subjects. Undoubtedly, a significant decrease in stroke volume index occurred in these two subjects. While this might have been caused by an unexpected impairment of cardiac function, it should be observed that these subjects were among the three who did not show reflex reduction of the heart rate. Hence, an adequate increase of end-diastolic volume index, which is the condition for maintaining stroke volume by means of the Frank-Starling mechanism, could have been precluded.
Representative end-systolic pressure-volume relationships in a normal subject and in one of the patients are shown in figure 5. The Es value for patients with can rely on an active Frank-Starling mechanism. On the basis of these premises, we could identify seven of 16 patients who responded abnormally (figure 2). Seven of the nine patients who had a more than 15% decrease in stroke volume index also had abnormal function curves (figure 4) characterized by no changes (Nos. volume axis. This approach is obviously correct, but it should be observed that when the angle increases, the increase of the tangent is progressively higher, so that the tangent tends to become infinite as the angle approaches 900. Consequently, for end-systolic pressurevolume relationships whose angles are above 500 to 600, very mild differences in end-systolic volume for any given pressure are associated with very large differences of tangent values, from which one should assume very large differences in contractility.
On the other hand, if the Es index reflects myocardial contractility without being appreciably influenced by other determinants of cardiac performance, one would not expect much variability in the Es value of normal subjects. This was not the case in our control group when the tangent values were considered. Normal values for slope reported by other investigators also show a comparable dispersion.'4 49' 5O Therefore, we defined the end-systolic pressure-volume relationship by means of the angle, and in this way we could distinguish two subgroups of patients with aortic regurgitation.
In 12 patients Es was below the normal limits and in nine patients some of the other indexes were also abnormal. In four patients a low value of Es was the only abnormality. Conversely, of the five patients whose Es values were normal, three had abnormal values for stroke volume index and stroke work index, while an elevated end-systolic dimension was present in only one. If one groups the patients according to the results of the different approaches used in evaluation of cardiac function, it would appear that the incidence of abnormal findings progresses from the basal fractional shortening and end-systolic dimension to the angiotensin response and Es (figure 7). These data suggest that in patients with chronic severe (NYHA class I to II) aortic regurgitation a reduction in contractility is present in most cases and that only a few of them can still rely on an active Frank-Starling mechanism. Yet the smaller proportion of patients with fractional shortening below and end-systolic dimension above the suggested limits2 supports the view that these indexes are late indicators of myocardial depression. 29 M mode echocardiographic measurements of left ventricular volume have been criticized because of poor correlation with the angiographic results.51 '52 In this study we used a correction formula that compensates for conditions in which the long-to-short axis ratio differs from 2. 18 We also relied on the bidimensional echocardiographic views in orienting the ultrasound beam as close as possible to the anatomic minor axis.
Furthermore, it must be repeated that we were mostly interested in directional changes of ventricular volume rather than in the absolute values. 53 The linearity of the end-systolic pressure-volume relationship (which was confirmed in our 
